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Description 

[0001] The present invention relates to an automatic 
transmission mounted on a vehicle and, more particu- 
larly, to a speed change control apparatus wherein dur- s 
ing a speed change operation, another speed change 
operation different therefrom is determined. 
[0002] Generally, in a vehicle having an automatic 
transmission, during a speed change operation to a pre- 
determined speed stage, a speed change to a speed 
stage different from the predetermined speed stage is 
sometimes determined. For example, during a speed 
change from a first speed to a second speed, a kick- 
down operation that an accelerator pedal is depressed 
suddenly sometimes dispatches an instruction to exe- 
cute a speed change operation to the first speed. 
[0003] Conventionally, as described in JP-A-61-48 
651 for example, even if an up-shift instruction is entered 
during a down-shift operation, the up-shift operation is 
inhibited until the down-shift operation is terminated. As 
a result, a sufficient amount of oil is discharged from an 
accumulator of a high-speed stage frictional engage- 
ment unit. When the servo hydraulic pressure of the 
high-speed stage frictional engagement unit has de- 
creased to a sufficiently low level, the up-shift operation 
is started, which prevents a large shock in speed change 
resulting from the resumption of oil supply to the accu- 
mulator before oil is completely discharged from the ac- 
cumulator of the high-speed frictional engagement unit 
as in the case where the up-shift operation is started 
during the down-shift operation. 

[0004] In US-A-4 955 257, a method for controlling a 
shift in an automatic transmission in accordance with the 
preamble of claim 1 is disclosed wherein it is detected 
whether a first shift, i.e., a rotational change, has been 
started when a second shift is detected. In case a sec- 
ond shift is detected during the first shift operation but 
before rotational change has been started, the first shift 
is discontinued, in the other case where a second shift 
is detected during the rotational change of the first shift 
operation, the first shift is completed before the second 
shift is started. 

[0005] However, according to the prior art described 
above, since the up-shift operation (second speed 
change) is inhibited until the down -shift operation (first 
speed change) is terminated, there is a long time span 
required between the start of the down-shift and the ter- 
mination of the up-shift. 

[0006] Accordingly, an object of the present invention 
is to provide an automatic transmission control appara- 
tus capable of preventing a shock in speed change and 
reducing the time required to execute the speed change 
even if the second speed change is determined during 
the first speed change operation as described above. 
This object is achieved with the features of the claims 1 
to 7. 

[0007] If the second speed change is determined dur- 
ing the first speed change operation according to the 



above-described construction, for example, if a down- 
shift to the first speed stage is determined during an up- 
shift operation from the first to the second speed, the 
hydraulic pressure in the second speed change opera- 
tion is controlled depending on the speed change state 
of the first speed change operation at the time of deter- 
mination of the second speed change. For example, if 
a down-shift to the first speed stage is determined during 
an up-shift operation from the first to the second speed 
as shown in Fig. 3, before a speed change which causes 
a change in rotation of the input shaft is started (e.g. 
torque phase), only completion control for that down- 
shift is executed. If a down-shift to the first speed stage 
is determined after the speed change is started (e.g. in- 
ertia phase), hydraulic pressure control is executed from 
the initial speed change control of that down -shift. 
[0008] According to claim 1 of the present invention, 
since the hydraulic pressure control for the second 
speed change is executed depending on the speed 
change state of the first speed change operation at the 
time of determination of the second speed change, there 
is no need to wait until the first speed change operation 
is terminated, thus reducing the time required to execute 
the entire speed change operation. Also, appropriate 
hydraulic pressure control can be always performed de- 
pending on the speed change state. 
[0009] According to claim 2 of the present invention, 
since there is no change in rotation of the input shaft 
before the first speed change operation causes a 
change in rotation of the input shaft (namely, in torque 
phase), any sudden change in torque can be avoided 
by sweep-controlling the hydraulic pressure at a prede- 
termined gradient. On the other hand, when there is a 
change in rotation of the input shaft (namely, in inertia 
phase), an excellent speed change characteristic can 
be obtained by controlling the hydraulic pressure to 
bring the change in rotation of the input shaft to a pre- 
determined value. 

[0010] According to claim 3 of the present invention, 
since operation is shifted to a predetermined hydraulic 
pressure control stage for the second speed change de- 
pending on the hydraulic pressure control stage for the 
first speed change operation at the time of determination 
of the second speed change, a control logic for multi- 
speed-change becomes unnecessary, thus reducing 
the memory capacitance of the control unit. Therefore, 
it is possible to reduce costs and improve the overall 
reliability. 

[0011] According to claim 4 of the present invention, 
the predetermined change in rotation in the second 
speed change operation is set based on the target ro- 
tation change in the first speed change operation. Thus, 
hydraulic pressure control in the second speed change 
operation can be executed appropriately based on the 
target rotation change in the first speed change opera- 
tion, although detection by the sensors may not be per- 
formed immediately or precisely due to a transient state 
generated during the second speed change operation 
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in which there is a change in the rotation. 
[0012] According to claim 5 of the present invention, 
it is possible to cause a change in rotation between the 
first speed change operation and the second speed 
change without delay by setting the hydraulic pressure 
necessary to cause a change in rotation in the second 
speed change operation. Therefore, the time required 
to execute the entire speed change operation is re- 
duced. 

[0013] According to claim 6 of the present invention, 
it Is possible to prevent any response delay in the hy- 
draulic control by making corrections using the differ- 
ence between the throttle opening degrees based on the 
input torque in the first speed change operation, al- 
though direct estimation of the input torque during the 
second speed change operation, which is likely to cause 
a response delay in the hydraulic control, is undesirable 
due to the fact that estimation of engine torque when 
there is a change in rotation brings about a time delay 
in an attempt to detect the engine rotation precisely be- 
cause the engine is in a transient state. 
[0014] According to claim 7 of the present invention, 
if the throttle opening is returned at the time of determi- 
nation of the second speed change closer to the value 
at the time of the first speed change operation, a cor- 
rection torque is set to a relatively small value. There- 
fore, any shock during the speed change resulting from 
an excessively lowered hydraulic pressure can be 
avoided. 

[001 5] Fig. 1 shows an automatic transmission control 
apparatus to which the present invention can be applied. 
Fig. 1(a) shows an electronic control device and Fig. 1 
(b) shows a hydraulic control unit. 
[0016] Fig. 2 is a flow chart related to the present in- 
vention. Fig. 2(a) shows an up-shift operation from the 
first to the second speed and Fig. 2(b) shows a down- 
shift operation from the second to the first speed. 
[001 7] Fig. 3 is a time chart related to a hydraulic pres- 
sure control of the present invention. Fig. 3(a) shows the 
up-shift operation from the first to the second speed and 
Fig. 3(b) shows the down-shift operation from the sec- 
ond to the first speed. 

[0018] Fig. 4 is a time chart related to the hydraulic 
pressure control in a case where a speed change to the 
first speed stage is determined in a torque phase during 
a speed change operation from the first to the second 
speed. 

[0019] Fig. 5 is a time chart related to the hydraulic 
pressure control in a case where the speed change to 
the first speed stage is determined in an inertia phase 
during the speed change operation from the first to the 
second speed. 

[0020] Fig. 6 is a time chart related to the hydraulic 
pressure control in a case where the speed change to 
the first speed stage is determined after the speed 
change from the first to the second speed has been ter- 
minated. 

[0021] Fig. 7 shows correction of an input torque. Fig. 
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7(a) is a diagram showing a correction value of the input 
torque obtained from a throttle opening degree during 
the speed change operation from the first to the second 
speed and a throttle opening degree at the time when 

5 the speed change to the first speed stage is determined. 
Fig. 7(b) shows a change in the correction value due to 
a difference between both the throttle opening degrees. 
[0022] Fig. 8(a) is a diagram showing a change in an 
engagement hydraulic pressure P T of a f fictional en- 

10 gagement element in accordance with an input (turbine) 
torque T T . 

[0023] Fig. 8(b) is a diagram showing a hydraulic 
pressure change rate Po necessary for generating a tar- 
get rotation change rate o'. 

15 [0024] Hereinafter, an embodiment of the present in- 
vention, which is particularly applicable to a multi- 
speed-change wherein an instruction is given to execute 
a down-shift to the first speed during an up-shift opera- 
tion from the first to the second speed, will be described 

20 with reference to the accompanying drawings. 

[0025] Fig. 1 is a schematic diagram showing an au- 
tomatic transmission control apparatus, to which the 
present invention can be applied. According to this 
present embodiment, electric signals from an engine ro- 

25 tation sensor 11, a throttle opening degree sensor 12, 
an automatic transmission input rotation (turbine rota- 
tion) sensor 13, and a vehicle speed (output rotation) 
sensor 15 are supplied to an electronic control unit U. 
The electronic control unit U includes a multi-speed- 

30 change control means 1 , which conducts arithmetic op- 
eration and outputs a result thereof to a linear solenoid 
valve 1 6. 

[0026] The linear solenoid valve 16 constitutes a hy- 
draulic control means. Based on a current value (hy- 

35 draulic control signal) from the electronic control unit U, 
the hydraulic control means adjusts a solenoid modula- 
tor pressure supplied to an input port 16a and outputs 
the adjusted pressure to an output port 1 6b, so that the 
adjusted hydraulic pressure is applied to a control hy- 

40 draulic chamber of a shift pressure control valve 17. 
Based on a hydraulic pressure of the control hydraulic 
chamber 17a, the shift pressure control valve 17 con- 
trols a line pressure of an input port 1 7b and outputs the 
controlled line pressure to an output port 1 7c. Then, the 

45 controlled hydraulic pressure is applied to a hydraulic 
pressure servo 20 which operates a predetermined 
clutch or brake through a predetermined shift valve 1 9. 
[0027] With reference to a flow chart and a time chart 
as shown in Figs. 2 and 3 respectively, hydraulic pres- 

50 sure control for the up-shift from the first to the second 
speed and the down-shift from the second to the first 
speed will be explained. 

[0028] First, the up-shift operation as shown in Fig. 2 
(a) and Fig. 3(a) will be explained. If an instruction to 
55 execute speed change from the first to the second 
speed is given (S1 ) (start of speed change control), first, 
a timer starts counting (S2) and then servo startup con- 
trol is executed (S3). If a target gear stage is not the first 
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speed (S4), the aforementioned servo startup control is 
continued for a predetermined time tSA (S5), so that a 
predetermined hydraulic pressure is supplied to the hy- 
draulic pressure servo 20 for a frictional engagement el- 
ement (e.g. second brake 32) to be engaged at the time 
of the second speed and a hydraulic pressure chamber 
in the hydraulic pressure servo on the engagement side 
is filled with oil. 

[0029] Then, the engagement hydraulic pressure is 
maintained at a predetermined value which is higher 
than a piston stroke pressure and causes no change in 
rotation of the input shaft and after that, a turbine (input) 
torque is estimated (S6). The turbine torque is obtained 
by finding an engine torque from a map on the basis of 
a throttle opening degree and an engine rotation, calcu- 
lating a speed ratio based on the Input/Output rotations 
of a torque converter, finding a torque ratio from the 
speed ratio based on the map, and multiplying the en- 
gine torque by the torque ratio. Furthermore, a target 
rotation change ratio (target rotational acceleration) oo\ 
which is set for the time when the rotation of the input 
shaft is initially changed, is calculated. (S7). 
[0030] Next, torque phase control is executed (S8). 
That is, based on a target engagement hydraulic pres- 
sure P T just before (just before the inertia phase) a 
change in the input rotation calculated on the basis of 
the aforementioned turbine torque and a gradient (first 
sweep angle) fixed by a predetermined length of time, 
the value is swept upward. Furthermore, after it reaches 
the engagement (target) hydraulic pressure P T , it is 
swept upward at a sweep angle gentler than the first 
sweep angle due to the hydraulic pressure Po> calculat- 
ed from the above-mentioned target rotation change ra- 
tio to'. Then, the second sweep-upward operation is con- 
tinued until a change in rotation of the input shaft reach- 
es a reference value for determining the start of the 
speed change, which can de detected by the input shaft 
rotation sensor 13. Accordingly, when the hydraulic 
pressure Pco (second sweep-upward amount) corre- 
sponding to the inertia phase torque calculated from the 
target rotation change ratio is exhausted, the speed 
change operation is started. In general, at that point of 
time, the inputted engine torque is well balanced with a 
load as a vehicle driving force determined by the torque 
capacitance of the frictional engagement element on the 
engagement side. Until such start of the speed change 
operation is determined, the frictional engagement ele- 
ment on the engagement side is in a slipped state, which 
is referred to as a torque phase, causing no change in 
rotation but in torque distribution ratio. After that, the 
torque capacitance of the above-mentioned frictional 
engagement element increases and eventually sur- 
passes the engine torque, establishing the inertia phase 
in which the engine rotation starts to decrease (the ro- 
tation of the input shaft changes). 
[0031] Furthermore, whether the target gear stage is 
the first speed is judged again (S9). After the aforemen- 
tioned start of speed change is determined (S1 0), inertia 



phase control is conducted (S11). In the inertia phase 
control, subsequent to the target rotation speed change 
ratio co\ a value detected by the input shaft rotation 
speed sensor 13 is monitored and feedback-controlled 
s so that the rotation speed of the input shaft is subjected 
to a predetermined target rotation change. Then, during 
the inertia phase control, whether or not the target gear 
stage is the first speed is judged again (S 12). The inertia 
phase control is continued until the speed change oper- 
10 ation is terminated (S1 3). When the timer counts a pre- 
determined time interval t L (S14), completion control is 
conducted (S15). Furthermore, whether or not the target 
gear stage is the first speed is judged again (S1 6). If the 
timer counts a predetermined time interval t^ after the 
is aforementioned termination of the speed change oper- 
ation (S17), the speed change control is terminated 
(S1 8). The servo startup control (S3), torque phase con- 
trol (S8), inertia phase control (S11) and completion 
control (S15) constitute a plurality of hydraulic control 
stages in the up-shift operation (first speed change). 
[0032] The hydraulic pressure on the engagement 
side increases gradually so that the torque capacitance 
of the frictional engagement elements increases. When 
the difference in rotation speed between the input and 
output sides of each frictional engagement element is 
eliminated, the speed change is terminated. Further- 
more, a slightly remaining stroke of a cushioning spring 
of each frictional engagement element on the engage- 
ment side is compressed such that the hydraulic pres- 
sure of the hydraulic pressure servo on the engagement 
side becomes equal to a line pressure. Then, the speed 
change control is terminated. 

[0033] On the other hand, the down-shift operation 
from the second speed to the first speed is conducted 
as shown in Figs. 2(b) and 3(b). First, based on the de- 
termination that the speed change from the second to 
the first speed should be executed, the speed change 
control is started (S20). Then, wait control is conducted 
(S21). As a result, the pressure in the hydraulic servo 
20 for the frictional engagement elements being en- 
gaged in the second speed state is reduced by a prede- 
termined pressure from the line pressure, upon start of 
the speed change control (speed change instruction). 
[0034] Then, after a predetermined time has lapsed, 
a turbine torque is estimated as mentioned above (S22), 
a target rotation speed change rate is calculated (S23), 
and initial speed change control is executed (S24). Con- 
sequently, the hydraulic pressure is reduced to a prede- 
termined engagement hydraulic pressure P T calculated 
based on an input (turbine) torque, namely, an engage- 
ment hydraulic pressure P T immediately before the ro- 
tation of the input shaft starts to change, so that the initial 
speed change control state is achieved. Furthermore, 
as described earlier, the pressure is swept down from 
the predetermined engagement hydraulic pressure P T 
based on the change in hydraulic pressure Pco calculat- 
ed from the target rotation change rate io' when the ro- 
tation of the input shaft has started to change. 
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[0035] Then, due to the sweep-down operation, the 
inertia phase is achieved so that the engine rotation 
speed increases. Then, the inertia phase control is ex- 
ecuted based on a change in the input shaft rotation 
speed, to decrease the hydraulic pressure gently (S25). 
The gradient in the inertia phase control is determined 
based on the target change in rotation speed of the input 
shaft as calculated during the aforementioned up-shift 
operation. Then, when the engine rotation speed in- 
creases to reach the first speed level of the automatic 
transmission, the speed change is terminated. Thereaf- 
ter, the draining operation is conducted until the hydrau- 
lic pressure becomes zero, and the speed change con- 
trol is terminated. Then, after the speed change is ter- 
minated, completion control is executed (S26) and the 
speed change control is terminated (S27). The wait con- 
trol (S21), the initial speed change control (S24), and 
the completion control (S25) constitute a plurality of hy- 
draulic pressure control stages during the down-shift op- 
eration (second speed change). 
[0036] If an instruction to execute the down-shift op- 
eration from the second to the first speed is determined 
during the up-shift operation from the first to the second 
speed, before speed change is started, that is, prior to 
the inertia phase in which a speed change occurs in the 
input shaft, the down-shift operation is started with the 
aforementioned completion control. If the down-shift in- 
struction is determined after the speed change has been 
started, that is, after the inertia phase, the down-shift 
operation is started with the aforementioned initial 
speed change control. 

[0037] Concretely, in the flow chart as shown in Fig. 
2(a), if it is judged (S4) that the target gear stage during 
the servo startup control (S3) is the first speed stage 
and (S9) that the target gear stage during the torque 
phase control (s8) is also the first speed stage, that is, 
if an instruction to execute the down-shift operation to 
the first speed is determined before the speed change 
from the first to second speed is started (that is, prior to 
the inertia phase), the down-shift control is started with 
the completion control as shown In Fig. 2(b). 
[0038] That is, if a speed change to the first speed is 
determined during the first sweep-up (torque phase) 
based on the target engagement hydraulic pressure P T 
as shown in Fig. 4, the hydraulic pressure in the hydrau- 
lic servo 20 is swept down immediately after the afore- 
mentioned determination with a predetermined gradient 
following the completion control of the speed change 
from the second to the first speed, and then released 
rapidly. In this state, there is no change in the rotation 
speed N T of the input shaft (turbine). 
[0039] If it is judged (S12) that the target gear stage 
during the inertia phase control (S11) is the first speed 
stage in the flow chart as shown in Fig. 2(a), the turbine 
torque value estimated when the speed change from the 
first to second speed is started, is corrected in consid- 
eration of the throttle opening degree so as to estimate 
again a turbine torque (S30). Then, the current target 
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rotation change rate (see S7) calculated prior to the start 
of the speed change from the first to the second speed 
is multiplied by -1 so as to obtain a new target rotation 
change rate(S31). 
5 [0040] That is, if the down-shift operation to the first 
speed is determined, as shown in Fig. 5, after the speed 
change from the first to the second speed has been 
started during the speed change operation from the first 
to the second speed, that is, if the down-shift operation 
10 to the first speed is determined during the inertia phase 
control, the down-shift operation is started with the initial 
speed change control, using the change in hydraulic 
pressure Pa> required to obtain the engagement hydrau- 
lic pressure P T resulting from the turbine torque estimat- 
es ed at the time of determination of the aforementioned 
down-shift operation and the target rotation change rate, 
based on the turbine torque (see S6) estimated prior to 
the start of the torque phase control and the target ro- 
tation change rate (see S7). In the down-shift operation 
20 to the first speed stage during the speed change from 
the first to the second speed, the input shaft (turbine) 
rotation N T decreases temporarily due to the aforemen- 
tioned speed change. After speed change to the first 
speed has been terminated, the original rotation is re- 
25 gained. 

[0041] In the above-mentioned step S30, the correc- 
tion of the turbine torque is made by estimating a differ- 
ence between the turbine torque as obtained in step 6 
and the current turbine torque. Such difference caused 

30 by the change in turbine torque is calculated from the 
throttle opening degree tho at the time of the aforemen- 
tioned torque calculation and the current throttle open- 
ing degree thr, using a map as shown in Fig. 7(a). Ac- 
cording to the map, as shown in Fig. 7(b), if a difference 

35 A6 between both the throttle opening degrees is positive 
(in the right direction), that is, if the current throttle open- 
ing degree is larger than that as calculated at the time 
of the speed change from the first to the second speed 
(thr/tho), even for the same current throttle opening de- 

40 gree (e.g. thr = 60[%]), a turbine torque correction 
amount AT is set to a relatively large value. If the differ- 
ence AO between both the throttle opening degrees is 
negative (thothr), the turbine torque correction amount 
AT is set to a relatively small value. This prevents a 

45 shock in speed change which may be caused if the 
down-shift operation is advanced quickly due to over- 
reduction of hydraulic pressure in the case where the 
current throttle opening degree thr is brought back clos- 
er to the calculated throttle opening degree tho. 

so [0042] From the turbine torque obtained by correcting 
the turbine torque value in step S6, the target hydraulic 
pressure P x is calculated. By multiplying the target ro- 
tation change obtained in step S8 by -1 , the downward 
gradient is set to calculate the hydraulic pressure 

55 change rate Pto. Consequently, the down-shift operation 
is started with the initial speed change control. The rea- 
son for this will be described below. If there is a change 
in rotation speed upon estimation of the engine torque, 
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It is difficult to detect the engine rotation precisely with 
no delay because the engine is in a transient state, that 
is, because a load resulting from a difference between 
an automatic transmission input torque determined by 
the torque capacitance of the frictional engagement el- 
ements and an actual engine torque is imposed on the 
engine (the state in which the engine is caused to rotate 
by the transmission). Similarly, another reason is that it 
is difficult to set a target rotation change at the time of 
initial change in the newly input rotation by detecting the 
speed change ratio of the automatic transmission in the 
transient state. 

[0043] If the first speed stage is selected in determin- 
ing the target gear stage (S16) during the completion 
control (S15) as shown in Fig. 2(a), like in the step S30, 
the turbine torque value estimated in step S6 is correct- 
ed in consideration of the aforementioned change in the 
throttle opening degree, to estimate a new turbine 
torque (S32). Based on the turbine torque value, the 
down-shift operation is started with the calculation of the 
target rotation change rate as shown in Fig. 2(b). 
[0044] That is, based on a turbine torque T T obtained 
by adding the above-mentioned corrected value to a tur- 
bine torque estimated prior to the start of the torque 
phase control as shown in Fig. 6, the engagement hy- 
draulic pressure P T is calculated as shown in Fig. 8(a). 
Also, based on the target rotation change rate to' at this 
time, the hydraulic pressure change rate Pco is calculat- 
ed as shown in Fig. 8(b). After the speed change from 
the first to the second speed is terminated, in response 
to the determination of the speed change to the first 
speed stage, the initial control of the down -shift opera- 
tion is executed, using the engagement hydraulic pres- 
sure P T and the hydraulic pressure change rate Pco. 
Subsequently, the speed change from the second to the 
first speed is started, and then the inertia control is ex- 
ecuted so as to terminate the speed change from the 
second to the first speed. Then, the hydraulic pressure 
is released and the multi-speed-change control is termi- 
nated. If the speed change to the first speed stage is 
determined after the speed change from the first to the 
second speed has been terminated, as described pre- 
viously, the input shaft (turbine) rotation speed N T is 
changed based on the speed change from the first to 
the second speed and the speed change from the sec- 
ond to the first speed. Then, with the termination of the 
speed change from the second to the first speed, the 
original rotation speed is regained. 
[0045] Although the multi-speed-change control in the 
case where the down-shift to the first speed stage is de- 
termined during the up-shift operation from the first to 
the second speed has been explained above, the same 
control may be executed also in the case where the 
down-shift is determined during other up-shift opera- 
tions, for example, from the second to the third speed. 
Furthermore, the same control may be executed also in 
the case where the up-shift operation is determined by 
a manual operation or the like during the down-shift op- 
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Claims 

5 

1 . An automatic transmission control apparatus com- 
prising a control unit for receiving signals from re- 
spective sensors based on a vehicle running state 
and outputting a hydraulic pressure signal to hy- 

10 draulic pressure control means for controlling a hy- 
draulic pressure applied to a hydraulic pressure ser- 
vo of a predetermined frictional engagement ele- 
ment, wherein said control unit has multi-speed- 
change control means for outputting said hydraulic 

is pressure signal for a second speed change de- 
pending on the speed change state of a first speed 
change operation, characterized in that the first 
speed change is discontinued when the second 
speed change is determined during the rotational 

20 change for the first speed change operation based 
on the signals from said respective sensors. 

2. An automatic transmission control apparatus ac- 
cording to claim 1, wherein said mutti-speed- 

25 change control means sweeps hydraulic pressure 
at a predetermined gradient before said first speed 
change operation causes a change in rotation of an 
input shaft, and outputs said hydraulic pressure 
control signal to cause a predetermined change in 

30 the rotation of said input shaft when said first speed 
change operation causes said change in the rota- 
tion of said input shaft. 

3. An automatic transmission control apparatus ac- 
35 cording to claim 1 or 2, wherein said first speed 

change operation includes a plurality of hydraulic 
pressure control stages, said second speed change 
operation includes a plurality of hydraulic pressure 
control stages, and said multi-speed-change con- 
40 tro! means sets the hydraulic pressure control stag- 
es of said second speed change operation in ac- 
cordance with the hydraulic pressure control stages 
of said first speed change operation at the time of 
determination of said second speed change. 

45 

4. An automatic transmission control apparatus ac- 
cording to claim 2, wherein a predetermined change 
in rotation of said second speed change is set 
based on a target rotation change calculated in said 

50 first speed change operation. 

5. An automatic transmission control apparatus ac- 
cording to claim 2, wherein an input torque at the 
time of determination of said second speed change 

55 is estimated, and said second speed change oper- 
ation is started with a hydraulic pressure corre- 
sponding to said input torque. 
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6. An automatic transmission control apparatus ac- 
cording to claim 5 wherein said input torque at the 
time of determination of said second speed change 
is obtained by calculating a correction value from a 
difference between a throttle opening degree on 
which hydraulic pressure control in said first speed 
change operation is based and a throttle opening 
degree at the time of determination of said second 
speed change and then correcting an input torque 
on which hydraulic pressure control in said first 
speed change operation is based using said correc- 
tion value. 

7. An automatic transmission control apparatus ac- 
cording to claim 6, wherein when said throttle open- 
ing degree is smaller at the time of determination of 
said second speed change than at the time of said 
first speed change operation, said correction value 
is set so as to be smaller than when said throttle 
opening degree is larger at the time of determina- 
tion of said second speed change than at the time 
of said first speed change operation. 



PatentansprOche 

1 . Steuervorrichtung fur ein Automatikgetriebe, die ei- 
ne Steuereinheit zum Empfang von Signalen von 
entsprechenden Sensoren auf der Basis eines 
Fahrzustands des Fahrzeugs und zur Ausgabe ei- 
nes Hydraulikdrucksignals an eine Hydraulikdruck- 
Steuereinrichtung zur Steuerung eines Hydraulik- 
drucks aufweist, der an eine Hydraulikdruck-Servo- 
einrichtung eines vorgegebenen ReibschluBele- 
ments angelegt wird, wobei die Steuereinheit eine 
Mehrfachschaltsteuereinrichtung zur Ausgabe des 
Hydraulikdrucksignals fur einen zweiten Schaltvor- 
gang in Abhangigkeit vom Schaltzustand eines er- 
sten Schaltvorgangs aufweist, dadurch gekcnn- 
zeichnet, daB der erste Schaltvorgang unterbro- 
chen wird, wenn aufgrund der Signale von den ent- 
sprechenden Sensoren der zweite Schaltvorgang 
wahrend der Drehzahlanderung fur den ersten 
Schaltvorgang veranlaBt wird. 

2. Steuervorrichtung fur ein Automatikgetriebe nach 
Anspruch 1, wobei die Mehrfachschaltsteuerein- 
richtung den Hydraulikdruck mit einer vorgegebe- 
nen Steigung variiert, bevor der erste Schaltvor- 
gang eine Drehzahlanderung einer Antriebswelle 
verursacht, und das Hydraulikdruck-Steuersignal 
ausgibt, um eine vorgegebene Drehzahlanderung 
der Antriebswelle herbeizufuhren, wenn der erste 
Schaltvorgang die Drehzahlanderung der Antriebs- 
welle verursacht. 

3. Steuervorrichtung fur ein Automatikgetriebe nach 
Anspruch 1 Oder 2, wobei der erste Schaltvorgang 



mehrere Hydrauiikdrucksteuerungsphasen ein- 
schlieBt, wobei der zweite Schaltvorgang mehrere 
Hydrauiikdrucksteuerungsphasen einschlieBt, und 
wobei die Mehrfachschaltsteuereinrichtung die Hy- 
drauiikdrucksteuerungsphasen des zweiten Schalt- 
vorgangs entsprechend den Hydrauiikdrucksteue- 
rungsphasen des ersten Schaltvorgangs zu dem 
Zeitpunkt einstellt, in dem der zweite Schaltvorgang 
veranlaBt wird. 
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4. Steuervorrichtung fur ein Automatikgetriebe nach 
Anspruch 2, wobei auf der Basis einer im ersten 
Schaltvorgang berechneten Zieldrehzahlanderung 
eine vorgegebene Drehzahlanderung des zweiten 

is Schaltvorgangs eingesteltt wird. 

5. Steuervorrichtung fur ein Automatikgetriebe nach 
Anspruch 2, wobei zu dem Zeitpunkt, in dem der 
zweite Schaltvorgang veranlaBt wird, ein Antriebs- 

20 drehmomentabgeschatzt wird, und wobei der zwei- 
te Schaltvorgang mit einem Hydraulikdruck gestar- 
tet wird, der dem Antriebsdrehmoment entspricht. 

6. Steuervorrichtung fur ein Automatikgetriebe nach 
25 Anspruch 5, wobei das Antriebsdrehmoment zu 

dem Zeitpunkt, in dem der zweite Schattvorgang 
veranlaBt wird, durch Berechnen eines Korrektur- 
wertes aus einer Differenz zwischen einem Dros- 
selklappenoffnungsgrad, auf dem die Hydraulik- 

30 drucksteuerung in dem ersten Schaltvorgang ba- 
siert, und einem Drosselklappenoffnungsgrad zu 
dem Zeitpunkt, in dem der zweite Schaltvorgang 
veranlaBt wird, und anschlieBende Korrektur eines 
Antriebsdrehmoments, auf dem die Hydraulik- 

35 drucksteuerung im ersten Schaltvorgang basiert, 
unter Verwendung des Korrekturwertes ermittelt 
wird. 



40 
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Steuervorrichtung fur ein Automatikgetriebe nach 
Anspruch 6, wobei, wenn der Drosselklappenoff- 
nungsgrad zu dem Zeitpunkt, in dem der zweite 
Schaltvorgang veranlaBt wird, kleiner ist als wah- 
rend des ersten Schaltvorgangs, ein kleinerer Kor- 
rekturwert eingestellt wird als in dem Fall, wo der 
Drosselklappenoffnungsgrad zu dem Zeitpunkt, in 
dem der zweite Schaltvorgang veranlaBt wird, gro- 
Ber ist als wahrend des ersten Schaltvorgangs. 



50 Revendications 

1 . Dispositif de commande de transmission automati- 
que comprenant une unite de commande destinee 
a recevoir des signaux de capteurs respectifs en 
55 fonction d'un etat de marche d'un vehicule et en- 
voyant un signal de pression hydrauiique a des 
moyens de commande de pression hydrauiique 
pour commander une pression hydrauiique appli- 
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qu6e a un servomoteur a pression hydraulique d'un 
element d'engagement a friction predetermine, 
dans lequel ladite unite de commande a des 
moyens de commande de changement de vitesse 6. 
multiple pour sortir ledit signal de pression hydrau- 5 
lique pour un second changement de vitesse en 
fonction de I'etat de changement de vitesse d'une 
premiere operation de changement de vitesse, ca- 
ractertse en ce que le premier changement de vi- 
tesse est interrompu lorsque le second change- 10 
ment de vitesse est determine pendant ie change- 
ment de vitesse de rotation pour ia premiere ope- 
ration de changement de vitesse en fonction des 
signaux proven ant desdits detect eurs respectrfs. 

15 

2. Dispositif de commande de transmission automati- 
que selon la revendication 1, dans lequel lesdits 
moyens de commande de changement de vitesse 
multiple font varier la pression hydraulique avec un 
gradient predetermine avant que ladite premiere 20 7. 
operation de changement de vitesse provoque un 
changement de vitesse de rotation d'un arbre d'en- 
tree, et sort ledit signal de commande de pression 
hydraulique pour provoquer un changement prede- 
termine de la vitesse de rotation dudit arbre d'entree 25 
lorsque ladite premiere operation de changement 

de vitesse provoque ledit changement de vitesse 
de rotation dudit arbre d'entree. 

3. Dispositif de commande de transmission automati- 30 
que seton la revendication 1 ou 2, dans lequel ladite 
premiere operation de changement de vitesse com- 
prend une plurality dotages de commande de pres- 
sion hydraulique, ladite seconde operation de chan- 
gement de vitesse comprend une plural ite d'etages 35 
de commande de pression hydraulique, et lesdits 
moyens de commande de changement de vitesse 
multiple reglent les etages de commande de pres- 
sion hydraulique de ladite seconde operation de 

. changement de vitesse en conform it 6 avec les eta- *o 
ges de commande de pression hydraulique de la- 
dite premiere operation de changement de vitesse 
a I'instant de determination dudit second change- 
ment de vitesse. 

45 

4. Dispositif de commande de transmission automati- 
que selon la revendication 2, dans lequel un chan- 
gement predetermine de la vitesse de rotation dudit 
second changement de vitesse est regie en fonc- 
tion (fun changement de vitesse de rotation cible so 
caicuie dans ladite premiere operation de change- 
ment de vitesse. 

5. Dispositif de commande de transmission automati- 
que selon la revendication 2, dans lequel un couple 55 
d'entree a I'instant de determination dudit second 
changement de vitesse est estim6, et ladite secon- 
de operation de changement de vitesse est demar- 



r6e avec une pression hydraulique correspondent 
audit couple d'entree. 

Dispositif de commande de transmission automati- 
que selon la revendication 5, dans lequel ledit cou- 
ple d'entree a I'instant de determination dudit se- 
cond changement de vitesse est obtenu en calcu- 
lant une valeur de correction a partir d'une differen- 
ce entre un degre d'ouverture de papillon sur lequel 
est basee la commande de pression hydraulique 
dans ladite premiere operation de changement de 
vitesse et un degre d'ouverture de papillon a I'ins- 
tant de determination dudit second changement de 
vitesse et puis en corrigeant un couple d'entree sur 
lequel est basee la commande de pression hydrau- 
lique dans ladite premiere operation de change- 
ment de vitesse en utilisant ladite valeur de correc- 
tion. 

Dispositif de commande de transmission automati- 
que selon la revendication 6, dans lequel, lorsque 
ledit degre d'ouverture de papillon est plus petit a 
I'instant de determination dudit second changement 
de vitesse qu'a i'instant de ladite premiere operation 
de changement de vitesse, ladite valeur de correc- 
tion est fixee de man i ere a etre plus petite que lors- 
que ledit degr6 d'ouverture de papillon est plus 
grand a I'instant de determination dudit second 
changement de vitesse qu'a I'instant de ladite pre- 
miere operation de changement de vitesse. 
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FIG. 4 
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FIG. 6 
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FIG. 7 
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